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Cross Reference to Related Applications 

[1] This application is a continuation-in-part of US Patent Application No. 
10/262,336 filed on September 30, 2002 and entitled "Package Filter Combiner 
Network," by Inventor Tom McKay which claims priority from U.S. Provisional Patent 
Application No. 60/381,387 filed on May 15, 2002 and entitled "Package Filter 
Combiner Network," by Inventor Tom McKay, both of which are incorporated herein 
by reference in their entirety. 

Background of the Invention 

1. Field of the Invention 

[2] The present invention relates generally to antenna tuning circuits, and more 
20 particularly, to methods and systems for converting a balanced differential signal to an 
unbalanced signal and applying bias for active circuits. 

2. Description of the Related Art 



10 



15 
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[3] Transceiver power efficiency is greatly dependant on the efficiency of the 
transmitter power amplifier (PA). An efficient PA converts as much of the power 
supply direct current to RF output as possible. PA efficiency is especially important in 
portable transceiver systems that rely on a portable power source (e.g., battery) or other 
5 transmitters that have a limited power supply. Many portable transmitters are 

manufactured as highly integrated circuits (i.e., transmitter on a chip) so as to exploit 
the power efficiencies of integrated circuit design. 

[4] Some of the potential transmitter inefficiencies can be eliminated or 
significantly reduced in the design of the integrated power amplifier components. 

10 However, an integrated PA must still be connected to an antenna, impedance matching 
network, balancing circuits and other components that are external to the integrated 
transmitter on a chip. The parasitic capacitance in the output of the on-chip PA may 
not effectively be compensated for on the chip. This can be due to loss in signal power 
in resistive losses of on-chip passive components and ineffective use of silicon area 

15 due to large tuning components. 

[5] Figure 1 shows a block diagram of a typical prior art transceiver 100. The 
transceiver 100 includes an integrated transmitter 104 that includes a differential 
power amplifier 110. The transceiver 100 also includes a front-end circuit 102. The 
front-end circuit 102 includes. a balun 1 14. The differential PA 1 10 has a positive 
20 potential output 1 lOp (positive port) and negative potential output 1 lOn (negative 
port). The outputs 1 lOp 1 lOn of the PA 1 10 are coupled to the corresponding inputs 
114p, 114n of the balun 114. The output 114A of the balun 1 14 is coupled to an 
antenna port 120. 
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[6] The balun 1 14 is a balanced signal to unbalanced signal converter circuit that 
converts the balanced input signals 1 lOn, 1 lOp to an unbalanced or single pole output 
signal 1 14A, such as may be coupled to the single pole antenna port 120 to output a 
transmitter output signal. 

i 

5 [7] Figure 2 is a schematic of a typical three-line coupled balun 114. The balun 
1 14 includes three lines 202, 204, 206 that are arranged to couple RF. Typically, each 
of the three lines 202, 204, 206 have a length of a quarter wavelength (X/4). The first 
line 202 is connected to the positive port (i.e., positive differential output) 1 1 Op of the 
PA amplifier 1 10 at a first end and allowed to float, unconnected at a second end. The 
10 second line 204 is connected to the negative port (i.e. negative differential output) 
1 lOn of the PA amplifier 1 10 at a first end. A second end of the second line 204 is 
connected to a ground potential. The third line 206 is connected to the antenna port 
120 at one end while the second end of the third line 206 is connected to a ground 
potential. 

15 [8] In a typical application such as in a 2.45 GHz transmitter output circuit, each of 
the lines 202, 204, 206 has an electrical length of a XI A or about 1 1 millimeters in a 
material with an effective dielectric constant of about 7.8. In a typical strip-line 
application the lines 202, 204, 206 are straight layouts that are arranged side by side in 
one conductive layer or are vertically aligned in adjacent metal layers. A straight line 

20 that is 1 1 mm in length is very large when compared to the physical size of a typical 
highly integrated transceiver 100. 

[9] DC power for the power amplifier devices 1 10 is typically supplied to the balun 
and to the PA through the output ports 1 1 Op, 1 1 On. However, because the lines 202, 
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204 are not actually electrically connected as a DC path, then each of the PA output 
ports HOp, 1 lOn require separate DC bias circuits. 

[10] Referring again to Figure 1 above, each of the components in the front-end 
circuit 102 (e.g., the balun 1 14, the antenna 120 and the interconnecting conductors) 
5 has some level of parasitic capacitance that can load or otherwise degrade the 
efficiency of the PA 1 10. Similarly, each of the DC bias circuits can introduce 
imbalances in the PA output ports 1 lOp, 1 lOn. Requiring two DC bias circuits doubles 
the complexity of the DC bias circuitry, thereby doubling the resulting parasitic 
capacitance of the DC bias circuitry. Requiring two DC bias circuits also increases the 
10 likelihood of unintentionally introducing circuit imbalances to the PA output ports 

HOp, 1 lOn that can be caused by even relatively slight differences in the two DC bias 
circuits. 

[11] In view of the foregoing, there is a need for a balun that allows a simplified DC 
bias path and is physically smaller than the prior art balun 1 14 while still maintaining 
15 the RF port arrangement described in Figure 1 and 2 above. 



ZEEVP009/ASP/GBL 



4 



Patent Application 



Summary of the Invention 



[12] Broadly speaking, the present invention fills these needs by providing a three- 
line coupled balun. It should be appreciated that the present invention can be 
5 implemented in numerous ways, including as a process, an apparatus, a system, 

computer readable media, or a device. Several inventive embodiments of the present 
invention are described below. 

[13] One embodiment includes a balun that includes a first conductor, a second 
conductor and a third conductor. The first conductor has a length of about one quarter 

10 wavelength of a selected center frequency. The first conductor also has a first end 

connected to a first balanced power amplifier output port. The second conductor has a 
length of about one quarter wavelength of the selected center frequency. The second 
conductor also includes a first end connected to a second balanced power amplifier 
output port and a second end connected a second end of the first conductor. The third 

15 conductor has a length of about one quarter wavelength of the selected center 

frequency. The third conductor has a first end connected to an antenna port and a 
second end connected to a ground potential. 

[14] In one embodiment the balun can also include a biasing network. The biasing 
network can include a fourth conductor that has a first end connected to the first 
20 balanced power amplifier output port and a second end connected to a bias supply. 

The fourth conductor can have a length of about one quarter wavelength of the selected 
center frequency. The fourth conductor can have a length that has a reactance that 
offsets a parasitic capacitance of at least one of the first conductor, the second 
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conductor, the third conductor, the first balanced PA port and the second balance PA 
port. 

[15] The first conductor, the second conductor and the third conductor can be 

formed in a multi-layer structure that includes multiple metal layers that are interleaved S, 
5 by multiple insulating via layers. The first conductor can be formed in a first metal 
layer. The second conductor can be formed in a second metal layer. The third 
conductor can be formed in a third metal layer in the multi-layer structure. The second 
end of the first conductor can be connected to the second end of the second conductor 
by a via connection formed in a via layer. 

10 [16] The first conductor, the second conductor, and the third conductor can be 
substantially, vertically aligned. The multi-layer structure can be bounded by a first 
ground plane and a second ground plane. The first ground plane and the second 
ground plane are separated by a distance H and the first conductor, the second 
conductor, and the third conductor are vertically offset less than ten times the distance 

15 H. 

[17] The multi-layer structure can be formed in a homogenous medium. The multi- 
layer structure can be formed in at least one of LTCC, BT resin, Silicon and FR4. 

[18] Another embodiment includes a transceiver front-end circuit. The transceiver 
front end circuit includes a first three coupled line balun and a second three coupled 
20 line balun. The first three coupled line balun can include a first conductor, a second 
conductor and a third conductor. The first conductor has a length of about one quarter 
wavelength of a selected center frequency and a first end connected to a first balanced 
PA output port. The second conductor has a length of about one quarter wavelength of 
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the selected center frequency. The second conductor includes a first end connected to 
a second balanced PA output port and a second end connected a second end of the first 
conductor. The third conductor has a length of about one quarter wavelength of the 
selected center frequency. The third conductor has a first end connected to an antenna 
5 port and a second end connected to a ground potential. The second three coupled line 
balun includes a fourth conductor, a fifth conductor and a sixth conductor. The fourth 
conductor has a length of about one quarter wavelength of the selected center 
frequency and a first end connected to a first balanced LNA input port. The fifth 
conductor has a length of about one quarter wavelength of the selected center 
10 frequency. The fifth conductor includes a first end connected to a second balanced 

LNA input port and a second end connected a second end of the fourth conductor. The 
sixth conductor has a length of about one quarter wavelength of the selected center 
frequency and a first end connected to the antenna port and a second end connected to 
the ground potential. 

15 [19] The transceiver front-end circuit can also include a first switch and a second 
switch. The first switch is connected between the first balanced PA output port and 
the second balanced PA output port. The second switch connected between the first 
balanced LNA input port and the second balanced LNA input port. 

[20] The transceiver front-end circuit can also include a PA connected to the first 
20 balanced PA output port and the second balanced PA output port, and a LNA 

connected to the first balanced LNA input port and the second balanced LNA input 
port. The first switch can be included in the PA and the second switch can be included 
in the LNA. 
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[21] The transceiver front-end circuit can also include a bias network connecting a 
bias source to the first balanced PA output port. The bias network can include a 
seventh conductor having a length of about one quarter wavelength of the selected 
center frequency. 

5 [22] One embodiment includes a balun that has a J operating frequency RF 

equivalent circuit that includes a first conductor and a second conductor. The first 
conductor has a length of about one half wavelength of a selected center frequency. 
The first conductor has a first end coupled to a first balanced PA output port and a 
second end coupled to a second balanced PA output port. The second conductor has a 

10 length of about one quarter wavelength of the selected center frequency and a first end 
coupled to the first balanced PA output port and a second end coupled to an antenna 
port. The balun has a physical structure that includes a third conductor, a fourth 
conductor and a fifth conductor. The third conductor having a length of about one 
quarter wavelength of a selected center frequency and a first end connected to the first 

15 balanced PA output port. The fourth conductor has a length of about one quarter 

wavelength of the selected center frequency. The fourth conductor includes a first end 
connected to the second balanced PA output port and a second end connected a second 
end of the third conductor. The fifth conductor has a length of about one quarter 
wavelength of the selected center frequency. The fifth conductor has a first end 

20 connected to an antenna port and a second end connected to a ground potential. 

[23] The fourth conductor and the fifth conductor can be formed in a multi-layer 
structure that includes multiple metal layers that are interleaved by multiple insulating 
via layers. The third conductor can be formed in a first metal layer. The fourth 
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conductor can be formed in a second metal layer. The fifth conductor can be formed in 
a third metal layer in the multi-layer structure. 

[24] The present invention provides the advantage of a more physically compact 
balun component that also allows biasing of the PA through the balun and single point 
tuning for parasitic reactance. 

[25] Other aspects and advantages of the invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 



[26] The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, and like reference 
5 numerals designate like structural elements. j 

[27] Figure 1 shows a block diagram of a typical prior art transceiver. 

[28] Figure 2 is a schematic of a typical three-line coupled balun. 

[29] Figure 3 shows an RF equivalent circuit of a class of coupled-line baluns. 

[30] Figure 4A is a schematic of a three-line balun according to one embodiment of 
10 the present invention. 

[31] Figures 4B through 4E illustrate the relationship of the equivalent circuit 300 to 
the three-line balun 400 according to one embodiment of the present invention. 

[32] Figure 4F is a capacitance diagram of a three-line balun in accordance with one 
embodiment of the present invention. 

15 [33] Figure 5 is an RF equivalent circuit for the three-line balun at the operating 
frequency according to one embodiment of the present invention. 

r 

[34] Figures 6A through 6C show a layout view of each of the conductive lines in 
accordance with one embodiment of the present invention. 

[35] Figure 7 is a three-dimensional view of the three coupled lines as they are 
20 arranged in a multi-layer structure, in accordance with one embodiment of the present 
invention. 
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[36] Figure 8 is a sectional view of the three coupJed lines in accordance with one 
embodiment of the present invention. 

[37] Figure 9 shows a transceiver circuit that includes a receiver that has a low noise 
amplifier that has balanced receiver inputs. 
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Detailed Description of the Exemplary Embodiments 



[38] Several exemplary embodiments for a three-line coupled balun will now be 
described. It will be apparent to those skilled in the art that the present invention may 
5 be practiced without some or all of the specific details set forth herein. 

[39] A three-line coupled balun as described herein allows the power amplifier to be 
biased through a single DC input to the balun without significant impact to the balun' s 
performance. Biasing the PA through the balun allows the balun to be used in an open 
source PA circuit that is one of the more commonly used PA circuits. 

10 [40] Figure 3 shows an RF equivalent circuit 300 of a class of coupled-line baluns. 
Element 302 is a half-wavelength (k/2) in length. Element 302 is connected to the 
positive port 1 lOp and the negative port 1 lOn. Element 306 provides an impedance 
transformation and couples the single-ended port to the half-wavelength line. Baluns 
with an equivalent circuit 300 are advantageous because the half- wavelength line 

15 connecting the positive and negative ports collapses to a simple connection from an 
impedance point of view. That is, whatever reactance (or impedance) is connected to 
the positive port also appears at the negative port. This property can be exploited 
when simultaneously tuning and DC biasing the transmitter PA devices. 

[41] Figure 4A is a schematic of a three-line balun 400 according to one 
20 embodiment of the present invention. The balun 400 includes three coupled lines 402, 
404, 406, each having a length of about A/4. The coupled lines 402, 404 are connected 
together by conductor 408 so as to produce a DC electrical path between the positive 
port 1 lOp and the negative port 1 lOn. 
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[42] X is equal to one full wave of a center frequency of an RF signal or 360 degrees 
of the RF signal. A/2 is equal to 180 degrees of the RF signal. Therefore, an RF signal 
passing along a conductive line that has a length equal to about A/2 will have about a 

180-degree phase shift from one end of the conductive line to the other. If the signal is 

i 

5 reflected back down the length of the A/2 conductive line, then the originally input RF 

! 

signal will be phase shifted 180-degrees in each direction or a total of 360 degrees so 
that the reflected RF signal is substantially the same phase and magnitude of the 
originally input RF signal and therefore will not substantially impact or interfere with 
he originally input RF signal. Therefore, a conductive line with a length of about a A/2 
10 acts as a short to the RF signal. Therefore, if a conductive line between positive port 
1 lOp and negative port 1 1 On is approximately A/2 in length, then an impedance or a 
capacitance applied at either of the positive port 1 1 Op or the negative port 1 lOn will 
affect the RF signal substantially identically felt at both ports 1 lOp, llOn. 

[43] Conversely, a conductive line having a length of about A/4 causes an input RF 
15 signal to phase shift approximately 90-degrees and a reflected RF signal to be phase 
shifted approximately 180-degrees. A 180-degree phase shift form an RF short and 
substantially cancels out or interferes with the originally input RF current. Therefore, 
a conductive line with a length of about a A/4 terminated in an RF short acts as an open 
to the RF circuit. For this reason, a very low impedance applied A/4 down a 
20 conductive line from a port (e.g., either of the positive port 1 lOp or the negative port 
1 lOn) will not affect the RF signal at the port. 

[44] Figures 4B through 4E illustrate the relationship of the equivalent circuit 300 to 
the three-line balun 400 according to one embodiment of the present invention. Figure 
4B is a single line equivalent circuit 420 of the three-line balun 400 if lines 406 and 
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402 have an insignificant coupling as will be described in more detail below. Yij are 
elements of the coupled line characteristic admittance matrix. Elements 402, 404, 406, 
430, 431, 433, 434 represent the admittance between the respective nodes 120, 1 lOp, 
HOn and intersections of conductors 421, 424, 425, 427. 

5 [45] The equivalent circuit 420 can be reduced to the equivalent circuit 440 shown 
in Figure 4C. The electrical lengths of conductors 425, 424, 421 are the same. At a 
selected center frequency, when the electrical lengths of conductors 425, 424, 421 are 
equal to A/4, the equivalent circuit 440 can be reduced to the equivalent circuit 460 
shown in Figure 4D. When Y33 = Y22, then the equivalent circuit 460 can be reduced 
10 to the equivalent circuit 480 shown in Figure 4E. 

[46] Figure 4F is a capacitance diagram of a three-line balun 490 in accordance with 
one embodiment of the present invention. The multi-layer three-line balun 490 
includes two ground planes 491A, 491B. The three lines 492, 493, 494, form the 
balun 490. Dielectric layers 495 A-D separate the lines 492, 493, 494 from one another 

15 and the ground planes 491 A, 49 IB. Line 494 is the unbalanced single line side and 
lines 492, 493 form the balanced side of the balun 490. Various capacitances are 
formed between the various conductive paths 492, 493, 494, 491 A, 491B. Each of the 
lines 492, 493, 494 have a respective "self capacitance" CI, C2, C3. The self- 
capacitance of each line is equal to the amount of capacitance that exists between 

20 different portions of the line. The self -capacitance CI and C2 of the balanced lines 
492, 493 are substantially equal. 

[47] A capacitance between the lines 492, 493, 494 also exists. Capacitances 
between two adjacent layers of the multi-layer balun 490 are substantially equal. 
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However the capacitance between two nonadjacent layers is substantially less than the 
capacitance between adjacent layers. By way of example, a capacitance C4 between 
line 492 and line 493 is substantially equal to a capacitance C5 between lines 493 and 
lines 494. However, a capacitance C6 between line 492 and line 494 is substantially 
5 less than (i.e., at least about 1/5) either of C4 or C5. The actual amount of the self- 
capacitance and the capacitances between each of the lines 492, 493, 494 is determined 
by the physical geometry of the balun 490 and the properties of the dielectric that 
separates the lines. 

[48] A characteristic admittance matrix [Y] is related to the capacitance matrix [C] 
10 described above by the following relationship: 

[n = -i=[C] 

where p. is equal to the permeability of the dielectric medium and 

where e is equal to the permittivity of the dielectric medium. 

[49] The three line baluns described herein have a relatively low propagation loss 
15 (e.g., less than about 0.8 db) as the signal passes through the balun. This relatively 
propagation low loss is achieved through a combination of a low resistance conductor 
and low dielectric losses. 

[50] While Figure 4F shows the three-line balun 490 in a multi-layer arrangement, it 
should be understood that the three lines 492, 493, 494 forming the balun 490 could 
20 also be arranged in a single conductive layer with substantially the same capacitive 
qualities as described above in the multi-layer arrangement. Therefore, the present 
invention should not be limited to a multi-layer arrangement. 
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[51] Figure 5 is an RF equivalent circuit 500 for the three-line balun 400 at the 
operating frequency according to one embodiment of the present invention. The 
equivalent circuit 500 includes a reactive bias and tuning element 510 and a bypass 
capacitor 520. The reactive bias element 510 and the bypass capacitor 520 provide a 
5 bias network to couple the bias current from the VDD source. The length of the 
reactive bias element 5 10 can be adjusted to compensate and tune for parasitic 
capacitances in the output circuit. Stub 506 provides impedance matching tuning such 
as matching a 50-ohm output to a 300-ohm input. 

[52] Conductor 408 provides a DC electrical path between the positive port 1 lOp 
10 and the negative port 1 1 On so that a bias voltage VDD can be applied to one of the 
ports HOp, HOn and will be conducted to the other port. As shown, the bias voltage 
VDD is connected to the negative port HOn. 

[53] A tuning stub 510 is used to connect VDD to the negative port 1 lOn. The 
tuning stub 510 can block the RF from entering the bias voltage supply VDD if the 

15 tuning stub has a length of about UA. The length of the tuning stub 510 can also be 
adjusted to compensate for a parasitic capacitance that may exist in the PA output 
circuit 400 such as in the antenna port 120 or in one or more of the conductive lines 
402, 404, 406. As described above, a single parasitic compensation element (e.g., 
tuning stub 510) on only one of the balanced ports 11 Op, 11 On will effect the RF signal 

20 equally on both of the ports 1 lOp, 1 lOn. Because only a single parasitic compensation 
element is required there is no longer a requirement of identical or symmetrical tuning 
elements, which simplifies the overall circuit construction and also allows the 
manufacturing tolerances to be substantially reduced, which can also reduce cost and 
further simplify construction. 
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[54] Figures 6A through 6C show a layout view of each of the conductive lines 402, 
404, 406, in accordance with one embodiment of the present invention. Figure 6A 
shows conductive line 402. A first end of the conductive line 402 is connected to the 
positive PA port 1 lOp. A second end of the conductive line 402 is connected to 
5 conductive line 404 by the conductor 408 as will be described in more detail in Figure 
7 below. 

[55] Figure 6B shows conductive line 404. A first end of the conductive line 404 is 
connected to the negative PA port 1 lOn. A second end of the conductive line 404 is 
connected to conductive line 402 by the conductor 408 as will be described in more 
10 detail in Figure 7 below. 

[56] Figure 6C shows conductive line 406. A first end of the conductive line 406 is 
connected to a ground potential (e.g., a ground plane) through conductor 412 as will be 
described in more detail in Figure 7 below. A second end of the conductive line 406 is 
connected to the antenna port 120. 

15 [57] Figure 7 is a three-dimensional view 700 of the three coupled lines 402, 404, 
406 as they are arranged in a multi-layer structure, in accordance with one embodiment 
of the present invention. The multi-layer structure can be any strip-line type 
homogeneous medium such as low temperature co-fired ceramic (LTCC), silicon, 
various resins and composite materials such as BT resin and FR4 that are well known 

20 in the art. Forming the three coupled lines 402, 404, 406 in a multi-layer structure 

allows the physical size of the balun 400 to be compacted over prior art approaches as 
each layer only has one coupled line that is about V4 in length. Each of the coupled 
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lines 402, 404, 406 can be arranged close to itself so as to further reduce the physical 
size. 

[58] Figure 8 is a sectional view 800 of the three coupled lines 402, 404, 406, in 
accordance with one embodiment of the present invention. The sectional view 800 is 
5 not drawn to scale. Specifically the vertical dimensions of the sectional view 800 are 
exaggerated so as to more easily illustrate features and aspects of the three coupled 
lines 402, 404, 406. 

[59] The three coupled lines 402, 404, 406 are formed in several metal layers Ml, 
M2, M3. The metal layers Ml, M2, M3 are separated by insulating via layers VIA0, 
10 VIA1, VIA2, VIA3. The metal layers Ml, M2, M3 and the via layers VIA0, VIA1, 
VIA2, VIA3 are bounded by two ground planes 802, 804. More or fewer metal layers 
and via layers could also be used in alternative embodiments. 

[60] H is the distance between the ground planes 802, 804. The three coupled lines 
402, 404, 406 can be substantially vertically aligned, as shown. Alternatively, the 

15 three coupled lines 402, 404, 406 can be offset horizontally by an amount less than 
about 10H because the majority of RF signal will be coupled between the three 
coupled lines 402, 404, 406 if the three coupled lines are closer than about 10 times the 
distance H between the ground planes 802, 804. As the offset distance between the 
three coupled lines 402, 404, 406 increases additional amounts of the RF signal will be 

20 coupled directly to one or more of the ground planes 802, 804. 

[61] In one embodiment, conductors 408 and 412 are formed as vias in via layers 
VIA1 and VIA3, respectively. Conductor 408 is formed in via layer VIA1 to connect 
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conductive lines 402, 404 together. Similarly, conductor 412 is formed in via layer 
VIA3 to connect conductive line 406 to ground plane 804. 

[62] Referring again to Figures 6A and 6B above, fourth conductor (not shown) can 
be connected to ports 1 1 Op or 1 1 On by way of a via or located in the same metal layer 
5 Ml, M2 respectively- The fourth conductor can form the tuning stub 510 described in 
Figure 5 above to connect the PA bias source 912 (as shown in Figure 9 below) to the 
PA output ports 1 lOn, 1 lOp. 

[63] The tuning stub 510 can be a quarter wavelength (A/4) RF-shorted stub (e.g., 
through capacitor 520) as a quarter wavelength stub is an open to RF and therefore will 
10 protect the signal path form any significant loss of signal. However, if the PA requires 
reactive tuning, the PA bias network (i.e., tuning stub 510) is not limited to a precise 
quarter wavelength RF stub and the PA bias network can therefore be adjusted to 
various lengths to provide the desired reactance. 

[64] As described above, a coupled three-line balun 400 can be very useful in a 
15 transmit signal path (i.e., as part of a transmitter front end circuit 102). However, a 
coupled three-line balun can provide similar benefits in a receive signal path. Figure 9 
shows a transceiver circuit 900 that includes a receiver 904 that has a low noise 
amplifier 906 that has balanced receiver inputs 906p, 906n. A receiver balun 902 is 
included in the front-end circuit 910. A conductor 908 connects to the receiver balun 
20 902 to the antenna port 120. 

[65] As described above, because the conductive lines 402, 404, 406 are A/4 in 
length, then the phase of the RF signal is shifted 90 degrees. The 90-degree phase shift 
is reflected back to the beginning of a A/4 conductive line to create a 180-degree phase 
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shift. The 180-degree phase shift of the RF signal can also be viewed as a 180-degree 
shift in impedance. As a result a small impedance at one end of a X/4 conductive line 
is reflected as a very large impedance at the opposite end of the XI A conductive line. 
Therefore, as shown in Figure 9, if a switch 920 is placed across the PA ports 1 lOp, 
5 1 lOn, then when the switch 920 is closed (i.e., a closed switch 920 is a short which is a 
very small impedance) then a very large impedance is reflected to the antenna port 120. 
Conversely, if the switch 920 is open (i.e., an open switch 920 is an open circuit which 
is a large impedance), then a very small impedance is reflected to the antenna port 120. 

[66] Similarly, if a switch 922 is placed across the LNA ports 906p, 906n, then 
10 when the switch 922 is closed (i.e., a closed switch 922 is a short which is a very small 
impedance) then a very large impedance is reflected to the antenna port 120. 
Conversely, if the switch 922 is open (i.e., an open switch 922 is an open circuit which 
is a large impedance), then a very small impedance is reflected to the antenna port 120. 

[67] As described above, switches 920, 922 can be used to perform a 
15 transmit/receive path switching function so that the transmitter 104 and the receiver 
904 can use the same antenna port. By way of example, in transmit mode, switch 922 
is closed which reflects a large impedance to the antenna port 120 and switch 920 is 
open. Therefore the transmitted RF proceeds out of the PA 110 through the balun 400 
to the antenna port 120. At the antenna port 120, the RF can travel toward the antenna 
20 or toward the receiver balun 902, however, because switch 922 is closed, the RF sees a 
large impedance in the receiver balun 902 as compared to relatively ^small impedance 
of the antenna. Therefore the majority of the transmit RF signal continues out the 
antenna. 
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[68] Similarly in receive mode, switch 920 is closed which reflects a high 
impedance toward the antenna port 120. Switch 922 is open which reflects a low 
impedance to the antenna port 120. A small amplitude RF receive signal enters the 
antenna 122 to the antenna port 120. At the antenna port 120, the small receive signal 
5 sees the large impedance of the transmit balun 400 and the relatively small impedance 
of the receive balun 902. As a result the majority of the receive RF signal is conducted 
to the receiver balun 902 and into the LNA 906. 

[69] Because switches 920 and 922 do not transfer high power signals, the switches 
920, 922 can be relatively small devices. A smaller switch device uses less power that 
10 a larger switch device so therefore the smaller switches 920 and 922 are more efficient 
than a conventional T/R switch that is much larger and more complicated. 

[70] Another benefit of the three-line coupled balun 400 is the inherent electrostatic 
discharge protection function. Since the antenna port 120 is tied to ground potential 
(i.e., ground plane 804) through conductor 412, then a static discharge that is received 
15 at the antenna port 120 will be conducted to ground rather than transferred through the 
balun 400 and into the transmitter 104 or in the case of a receiver balun 902, into the 
LNA 904. 

[71] As used herein the term "about" means +/- 10%. By way of example, the 
phrase "about 250" indicates a range of between 225 and 275. 

20 [72] Although the foregoing invention has been described in some detail for 
purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. Accordingly, 
the present embodiments are to be considered as illustrative and not restrictive, and the 
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invention is not to be limited to the details given herein, but may be modified within 
the scope and equivalents of the appended claims. 

What is claimed is: 
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